Despite recognition of the importance of central nervous system function in the control of gastric secretory and motor processes and the general acceptance of the concept that duodenal ulcer is associated with abnormal nervous influence upon the stomach, there is little objective evidence concerning the exact mechanisms involved. The main hindrance to collecting data for examining the relationships between nervous and gastric functions in patients has been the lack of techniques for measuring the functional status of the autonomic nervous system. The present report concerns the results of a comparative evaluation of autonomic function in ulcer patients and in normal subjects by determination of urinary excretion of free epinephrine and norepinephrine. The results of two separate experiments are reported.
Despite recognition of the importance of central nervous system function in the control of gastric secretory and motor processes and the general acceptance of the concept that duodenal ulcer is associated with abnormal nervous influence upon the stomach, there is little objective evidence concerning the exact mechanisms involved. The main hindrance to collecting data for examining the relationships between nervous and gastric functions in patients has been the lack of techniques for measuring the functional status of the autonomic nervous system. The present report concerns the results of a comparative evaluation of autonomic function in ulcer patients and in normal subjects by determination of urinary excretion of free epinephrine and norepinephrine. The results of two separate experiments are reported.
METHODS
First experimentt. Urine and gastric juice collections were made before and after administration of peptone broth, histamine, and insulin to 10 male ulcer patients and 10 nonulcer male control subjects (1) . None of the control subj ects gave a past history of gastrointestinal symptoms suggestive of peptic ulcer. Seven of the control subjects were normal, healthy individuals; they came to the hospital immediately prior to the testing, having carried out their normal activities on the preceding day. These 7 control subjects were paid volunteers selected so that each could be matched with one of the ulcer patients on the basis of age and general level of activity. The remaining 3 control subjects were hospitalized for illnesses other than duodenal ulcer. One had carcinoma of the rectum, one chronic cholecystitis, and one had mild cholangitis secondary to a partial stricture of the bile ducts. All of the ulcer patients had active ulcers at the time the tests were carried out. Five were ambulatory and came to the hospital for these * tests, as did the 7 healthy volunteer control subj ects. Of the remaining 5 ulcer patients, 2 were on the surgical wards with the immediate prospect of operation and the other 3 were on the medical wards. None of the hospitalized patients (either control or ulcer) was confined to bed. Sedatives and anticholingeric medications were omitted for at least 12 hours before the tests.
Each subject was tested on 2 separate days. The tests began each day at 7 :30 a.m. after an overnight fast. On the first day the subject voided and then lay quietly in bed with his head end inclined to a 450 angle. Most of this first hour was occupied with psychological testing. After 1 hour the subj ect stood beside the bed to void the first urine sample. Immediately after this a Levin tube was passed into the stomach and adjusted to aspirate freely.1 Twenty minutes later the collection of gastric juice was begun. Six 10-minute "basal" samples of gastric juice were collected, and at the end of this period the patient again stood to void a second sample of urine. Both urine collections are referred to as "basal" samples. After the second voiding, 80 ml of peptone broth was introduced into the stomach via the tube, which was then clamped for 20 minutes. Following this the stomach was emptied and 6 additional 10-minute samples of gastric juice were obtained. At the end of this period the bladder was again emptied. Histamine diphosphate, 0.5 mg, was then administered subcutaneously and 6 more 10-minute samples of gastric juice were collected. At the end of the hour a final collection of urine was made.
On the second day of testing a similar routine was followed. After the first 2 hours (during which 2 "basal" urine samples and 1 "basal" gastric collection were obtained) 12 units of regular insulin was injected intravenously. Thereafter, six 30-minute samples of gastric juice were collected and the patient voided 1.5 and 3 hours after insulin administration. Blood sugar concentration was measured before the insulin was given and at 30 and 60 minutes thereafter. Blood sugar concentration was reduced to below 50 mg per 100 ml in all ulcer patients and in all but one control subject.
The volume of each sample of gastric juice was measured, the pH determined on a Beckman calomel-glass electrode pH meter, the acidity titrated to pH 3.5 with 0.1 N NaOH by an electrometric method, and the 1 As nearly as can be determined from the hospital records, only one of the ulcer patients and one control subject had had a Levin tube passed before this experiment. * The difference between the two groups with respect to free acid output during the "basal" period of the second day was the only difference in Table I which reached the 0.10 level of significance using a two-tailed t test. chloride concentration measured by the method of Wilson and Ball (2) .
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Immediately after collection, the volume of each urine sample was measured and the entire specimen acidified to pH 2 to 3 with 6 N hydrochloric acid. These samples were then frozen and stored for later analysis. The determination of epinephrine and norepinephrine in these urine samples was made by DuToit's modification of the fluorometric method of von Euler and Floding, ion exchange resin for purification being utilized (3). The sensitivity, reproducibility and other factors pertaining to the use of this method are discussed at length in DuToit's report (3) . Most of the measurements reported below were made in his laboratory.
Second experiment. Ten male control subjects, without history of duodenal ulcer, were matched with 11 male ulcer patients with respect to age and general level of physical activity. None of these ulcer or control subjects had been used in the first experiment. All but one of the ulcer patients had active ulcers at the time of testing. Four of the control subjects and 7 of the ulcer subjects were hospitalized; all 4 of the former and 3 of the latter were tested the day following their admission to the hospital.
Each subj ect collected a 12-hour urine sample from 7 a.m. to 7 p.m. while carrying out his regular day's work or other activities. The hospitalized subjects were up and about the ward for the entire 12-hour period. Among the nonhospitalized dontrol subj ects were 3 plumbers, 1 Two control subj ects were unable to void 90 minutes after injection of insulin. and the pH lower, for the ulcer patients than for the control subjects, the variation was great and only one (basal free acid) of the differences between the two groups reached the 0.10 level of significance with a two-tailed t test (Table I) .
Urinary excretion of free catechol amines was lower in ulcer patients than in control subjects. The difference between the two groups with respect to excretory rate of norepinephrine during the basal periods reached the 0.02 level of significance; that for epinephrine was not significant at the 0.10 level. During subsequent periods of stimulation of gastric secretion with peptone broth or insulin, the mean norepinephrine output of the ulcer patients was significantly lower than that of the control subjects. During the second 90-minute period after stimulation with insulin, the ulcer subjects had significantly lower mean epinephrine excretions than did the control subjects. The mean figures and results of the statistical evaluations are given in Table II. A point which should be stressed is that the comparisons between basal catechol amine output of ulcer and control subjects (reported in Table II) are not based on single samples; they are based on four separate samples combined. This multiple sampling technique was used to minimize the influence of chance factors, associated with changes in the test environment, which might influence the catechol output. In addition to the comparisons based on the four basal samples combined, comparisons between ulcer and control subj ects were made for each of the four samples (Day 1-Hour 1, Day 1-Hour 2, Day 2-Hour 1, and Day 2-Hour 2) considered separately. In all four comparisons the norepinephrine output of the ulcer subjects was found to be significantly lower than that of the control subjects; three of the comparisons were significant at the 0.05 level and one at the 0.10 level using a two-tailed test. Three of the four comparisons based on the basal epinephrine data indicated lower epinephrine output in ulcer than in control subjects, but only one of those comparisons was significant at the 0.10 level.
The ulcer patients and control subjects were found to differ in response to stimulation by hypoglycemia during the first 90 minutes. As is seen in Figure 1 , the ulcer patients, considered as a group, had lower norepinephrine excretory rates before injection of insulin than did the control subjects. During the first 90 minutes after injection the difference between the two groups was even more pronounced. The difference in mean response of the two groups was significant at the 0.10 level.
The gastric secretory data were examined in relation to the catechol data to determine whether the two were correlated. In general, they were found not to be significantly correlated. For example, the change in gastric output due to histamine stimulation was not correlated with the change in norepinephrine output due to histamine. Second experiment. During the night the 11 ulcer patients had lower catechol output than did the 10 control subjects. As is seen in Table III the difference between the two groups, with respect to norepinephrine output, reached the 0.01 level of significance with a two-tailed t test; the difference with respect to epinephrine was not significant at the 0.10 level. During the day the ulcer patients, considered as a group, were not significantly different from the control subjects with regard to either norepinephrine or epinephrine excretion.
DISCUSSION
Catechol excretion and urine volume. The findings of major concern in this report are that ulcer subjects had lower mean norepinephrine output than did control subjects under basal conditions, after stimulation with peptone or insulin (Experiment 1) and at night (Experiment 2). The possibility was considered that these findings might have been influenced by a correlation between output of norepinephrine and urine or by a lower urine volume in ulcer than in control subjects. Analyses using the Spearman rank correlation statistic (4) revealed low positive correlations between output of norepinephrine and urine in Experiment 1 under basal conditions (p = + 0.25), after stimulation with peptone (p = + 0.32) and after stimulation with insulin (p = + 0.18); in Experiment 2 the correlations were low and negative at night (p = -0.09) and during the day (p = -0.25). None of these correlations reached the 0.10 level of significance using a two-tailed test and all were too small to be considered consequential.
The mean urine volume of ulcer subjects was found to be lower than that of control subjects in Experiment 1 under basal conditions and after stimulation both with peptone and insulin; however, the only difference which reached the 0.10 level of significance occurred after stimulation with peptone broth. In Experiment 2 the mean urine volume of ulcer subjects was higher than that of the control subjects both at night and during the day. The difference in the case of the day samples was significant at the 0.05 level; that for the night samples was not significant at the 0.10 level. Because the ulcer subjects in Experiment 1 were found to have lower volumes of urine output than did the control subjects, additional analyses were carried out based on an index of catechol output divided by urine volume. These analyses indicated that the ulcer subjects tended to excrete less norepinephrine per unit of urine than did control subjects under all conditions in both experiments; the differences were statistically significant, however, only after stimulation with insulin in Experiment 1 and during accumulation of night samples in Experiment 2.
Environmental factors. In the first experiment the catechol collections were made under a variety of conditions which might have influenced catechol output. For example, the subjects were given psychological tests during accumulation of the first hour basal samples and were intubated during accumulation of the second hour basal samples. Analyses failed to reveal any significant differences between Hour 1 and Hour 2 catechol output either on Day 1 or Day 2 for either ulcer or control subjects.
The possibility of a "novelty" or "first-time" effect in Experiment 1 was examined in two ways. First, the catechol output of the first experimental day was compared with that of the second. These analyses revealed no difference between Day 1 and Day 2 with respect to norepinephrine excretion but indicated a significantly greater mean epinephrine output on the first than on the second day, both for the ulcer and control groups. Secondly, the catechol output of the first hour of the first experimental day was compared with the mean of the other three basal samples. Both ulcer and control subjects showed no significant difference with respect to rate of norepinephrine output but had significantly higher epinephrine rates during the first than during the subsequent three basal periods; in addition both groups showed lower urine volumes during the first basal period than during the subsequent basal periods. The question to be considered is whether these indications of a "first-time" effect militate against the conclusion that ulcer subjects have lower norepinephrine excretory rates than do control subjects. Two facts suggest that the answer is negative. In the first experiment the norepineprhine output of ulcer subjects was found to be significantly lower than that of control subjects during the last three basal periods as well as during the first; in the second experiment it was the second 12-hour sample (night) rather than the first (day sample) which showed a significant difference between norepinephrine output of ulcer and of control subjects.
Reproducibility of catechol data in Experimnent Two experiments were conducted comparing urinary free catechol amine excretion of male ulcer patients and normal control subjects. In the first experiment urine and gastric secretory collections were made before and after administration of peptone broth, histamine, and insulin. Urinary excretion of epinephrine and norepinephrine was lower in ulcer patients than in control subjects under "basal" conditions and after stimulation with peptone broth and insulin; all differences with respect to norepinephrine output were significant at the 0.05 level or better. The ulcer patients had higher volume, higher titratable acidity of gastric juice and lower pH than did the control subjects, but most comparisons were not significant at the 0.10 level. The increased output of norepinperhine due to insulin hypoglycemia was greater (p = 0.10 level) in the control subjects than in those with ulcers. In general, changes in gastric secretion were not found to be correlated with changes in catechol output.
In the second experiment a different group of ulcer patients and normal controls collected day and night urine samples. The epinephrine and norepinephrine output of ulcer patients and control subjects did not differ significantly during the day. The night urine samples of ulcer patients contained significantly less norepinephrine (p = 0.01) than those of the control subjects.
Analyses based on an index of catechol output divided by urine volume indicated that the ulcer subjects tended to excrete less norepinephrine per unit of urine than did control stubjects under all conditions in both experiments; the differences were statistically significant, however, only after stimulation with insulin in Experiment 1 and during accunmuilation of night samples in Experiment 2.
